Introduction
A combination of palpation and percussion of the upper abdomen is regarded by most clinicians as satisfactory for diagnosing enlargement of the liver and spleen. Yet these physical signs have not been critically analyzed for observer error and variation in the same way as those, for example, of the respiratory system (Fletcher, 1952; Smyllie, Blendis, and Armitage, 1965; Godfrey, Edwards, Campbell, Armitage, and Oppenheimer, 1969) . Another common way of assessing liver and spleen size is from a plain abdominal radiograph, but again this method has not been assessed critically in the same way as chest radiographs (Cochrane and Garland, 1952) .
In this paper we describe an investigation in which the variation between four clinicians in examining the liver and spleen was compared with that found when four radiologists assessed the size of the liver and spleen on plain films of the abdomen.
Patients Studied and Method Thirty-two patienti were examined. The purpose of the investigation had previols'I been explained to the patients and their full co-operation 4-< ,ined. Fourteen had a blood dyscrasia (three havin--ated by splenectomy), 10 had chronic liver disease, -nd 8 suffering from a variety of other conditions. Each patient was sc u -ur clinicians on the same afternoon and a form ; cd. The measurements of liver and spleen size ( Fig. 1 ) wel r ade on quiet expiration.
A plain film of the abdomen was taken on quiet expiration with the patient in the supine position at an anode-film distance of 120 cm. and centred at the xiphisternum. Both domes of the diaphragm and both lateral abdominal walls were included on the radiograph and the position of the costal margin and sterno-xiphisternal junction was marked on the radio- (Fig. 1) . The area of the liver to the right of the spine and the complete area of the spleen were also measured with a planimeter. These measurements were then corrected for body surface area and expressed in sq. cm. per sq. m. body surface area. Each radiograph was graded independently by the four radiologists according to the clarity of the hepatic and splenic outline into good, fair, poor, and impossible. The visibility of the tip of the spleen was graded separately. In addition the liver area was measured from a plain film of the abdomen in 44 patients attending the department of diagnostic radiology for intravenous pyelography as part of the investigation of systemic hypertension or renal disease. These formed a control group.
The observer variation was assessed as the difference between the largest and smallest values recorded by the observers. This was called the "maximum observer variation." In order to relate this to the size of the measurement it was also expressed as a percentage of the mean of the four measurements, the "percentage maximum observer variation."
Results

Liver
Good agreement was found between the four radiologists in grading the ease with which the liver to the right of the spine could be seen on the radiographs. At least three radiologists agreed on the grading in 94% of the radiographs and all agreed in 70%. Visibility was graded by the majority as good in 55%, fair in 33%, and poor in 6% of patients. The ease with which the liver was seen was independent of the patient's body build, but large livers were seen more easily than small (Table I) . of the four observers agreed. Most of the observers agreed on whether the liver was enlarged in 9300 of patients. The effect of body build and liver area on the variation between the observers' assessment was analysed, but no significant difference was found. Clinical assessment of enlargement of the liver was compared with the radiological area in 25 of the patients in whom at least three clinicians agreed in their assessment of size. In six patients the liver area was greater than 109 sq. cm. (the upper limit of the normal range obtained from the control group, using the mean value plus two standard deviations) and the liver was clinically assessed as enlarged in three and normal in three. In the other 19 patients the liver area was within the normal range and the liver was clinically assessed as enlarged in 10 and normal in nine.
Liver Length.-The vertical length from the upper to the lower border of the liver in the mid-clavicular line when measured on the radiograph ranged from 9.2 to 23.5 cm. when the mean of the four radiologists' readings was taken. The mean maximum variation between the four radiologists was 1-3 cm., or 8%/,, (range 0-52%). In comparison the mean of the four clinicians' measurements ranged from 10.5 to 26 cm. The mean maximum variation between the four clinicians was 8 cm., or 55% (range 0-100%). Thus, in one patient all four clinicians agreed exactly, and in another the maximum variation was as large as the mean of the four measurements. There was no significant difference in the variation between observers when the patients were grouped according to body build. The clinical and radiological measurements of the distance of the lower border of the liver below the costal margin in the mid-clavicular line are shown in Fig. 2 variation between the recordings of the four radiologists was small, the mean being 1 cm. (range 0 to 3 cm.). In comparison the mean maximum variation between the four clinicians was 5 cm. (range 0 to 12 cm.). The relation between the radiological distance below the costal margin, liver area, and clinical assessment of liver size was also studied. In five patients the liver did not extend below the costal margin, and the areas of these livers were all in the lower half of the normal range. In the six patients with liver areas greater than normal the liver extended from 5 to 15 cm. below the costal margin. In five of the patients with normal liver areas, however, the liver extended from 5 to 10 cm. below the costal margin. In all five of these patients the diaphragm was not abnormally low as assessed clinically by percussion or on the radiographs, but the liver area in four of them was near the upper limit of the normal range.
Spleen
All four radiologists agreed on the clarity of the outline of the spleen in 54 0,,' of radiographs and at least three agreed in 90°<',. Similarly, all four radiologists agreed on the visibility of the spleen tip in 65 % and at least three agreed in 87°'.. This finding included six patients in whom all four radiologists agreed that it was impossible to see the spleen. Three of these patients, unknown to the radiologists, had undergone splenectomy, and in the other three the spleen was clinically impalpable. In the 29 patients with a spleen the clarity of the splenic outline was graded by most observers as good in 410(,, fair in 21 0/, and poor in 24 '. Corresponding figures for.the spleen tip were 54°%, 20%, and 14%1/ respectively. When the patients were divided into three groups according to the spleen area it was found that large spleens were more easily seen than small (Tables III and IV) .
The spleen area ranged from 34 to 238 sq. cm./sq. m., the mean of the radiologists' measurements being used. This is to be compared with a normal range of 40 (S.D. 4) sq. cm./sq. m. derived by Blendis, Williams, and . The mean maximum variation between the four radiologists was 15 sq. cm., or 22% (range 1-94%). The effect of radiographic visibility is shown in Table V .
The distance of the spleen tip below the xiphisternalsternal junction ranged from 2 to 22 cm. The mean maximum observer variation was 2 cm. or 1900 (range 0-126%). The effect of radiographic visibility is shown in Table V . (Blendis et al., 1969) . In 8 of the 17 patients diagnosed clinically as having normal-sized spleens the spleen area could be measured radiologically. In four the spleen areas were within the normal range. In two patients the spleen areas were increased (66 and 69 sq. cm./sq. m.). In the remaining two patients the spleen area was 50 sq. cm./sq. m., just above the upper limit of normal.
All four clinicians were able to palpate the spleen and therefore measure the distance of the spleen tip below the ziphisternal-sternal junction. in 12 patients. Their mean maximum observer variation was 6 cm. compared with 2 cm. for the radiologists in these 12 patients.
Discussion
In any assessment of a radiological measurement, such as that of liver and spleen size, the question of the ease with which the landmarks can be seen must be considered. In the present series there was agreement between the majority of radiologists in over 800% of the radiographs. Though visibility was not related to body build it was related to the size of the organ. Thus all the large livers and most of those in the upper half of the normal range were better seen on the radiographs than were the smaller ones. The visibility of enlarged spleens was satisfactory, but that of normal-sized spleens was not. These findings agree with those of Rosenbaum, Lieber, Hanson, and Pellegrino (1964) , who were able to see only 170,, of the spleens on 500 consecutive abdominal radiographs. Riemenschneider and Whalen (1965) , however, found that 16 out of 30 spleens under 200 g. weight were adequately seen, though this probably refers only to the lower pole.
Though the lower pole of the spleen was more clearly seen than the rest of the outline, confirming findings in previous series (Wyman, 1954) , the extent of the variation between observers in the measurements of the area and length of the spleen taken from the radiographs was of the same order.
A potential source of inaccuracy in the measurement of splenic area in a plain radiograph is the assumption, which it is often necessary to make, that the upper and lateral borders of the spleen lie immediately adjacent to the diaphragm and lateral abdominal wall. Arteriographic studies show that this is not always correct (Kreel and Mindel, 1969) . In eight patients it was possible to compare the measurement of splenic area from the plain film with that made from a splenic arteriogram done within four weeks, and the mean difference was only 8 /Y.
The variation between observers in the linear measurements of the liver and spleen was much less for radiologists, than for clinicians. The observer variation of the radiologists, as might be expected, decreased with better visibility on the radiographs and was not significantly affected by body build of the patients. Surprisingly, the variation between the clinicians was not significantly affected by body build or by organ size.
The criteria for the clinical diagnosis of hepatic enlargement have not been cleary defined. If the lower border of the liver is palpable more than 2-3 cm. below the costal margin the liver is usually considered to be enlarged. This study, however, has shown a wide observer variation for this measurement. Whalen, Berne, and Riemenschneider (1969) suggested that the lower border of the liver, as seen on a radiograph, is in fact the posterior border. To determine whether this is so radio-opaque markers were placed on the skin of seven cadavers and radiographs taken of the upper abdomen. A long needle was inserted into the cadaver at the lIwer border of the liver as estimated from the radiograph. In each case, at the subsequent necropsy, the needle was found at or just below the anterior lower border of the liver.
The variation between clinicians in the measurement of the distance of the lower pole of the spleen below the xiphisternal-sternal junction was less than for the liver length. This may be due to the former having one fixed, easily determined point. There was also nearly complete agreement among the clinicians in diagnosing splenic enlargement. Though Dell and Klinefelter (1946) suggested that normal spleens might be palpable, this was not confirmed in necropsy study by Riemenschneider and Whalen (1965) . The weight of the spleen has been shown to correlate closely with radiographic area in both normal and enlarged spleens and to bear a fairly constant relationship to body surface area (Blendis et al., 1969) . In the present series all 15 of the spleens which were paloable were enlarged as judged by radiological area. These included five spleens with 25 to 50% increase in radiological area. This agrees with the findings of Blackburn (1953) (Runge and Fusaro, 1962; Fusaro and Runge, 1962) . That concept consists of chemically altering the stratum corneum so that the keratin has new ultraviolet transmission characteristics. The new keratin is produced by chemically reacting a dihydroxyacetone/naphthoquinone mixture with the skin at least 24 hours before exposure to sunlight. This altered keratin reduces significantly the quanta of ultraviolet light penetrating the skin. thereby reducing the possibility of a photodynamic effect of ultraviolet light on the porphyrin molecule in the skin. We here deal with the application of this concept for the protection of erythropoietic protoporphyric patients against sunlight.
Materials and Methods
The patients were given a topical mixture of 3% dihydroxyacetone and 0-13 % lawsone in a chemically compatible van- ishing-cream base (Squibb Experimental Base). The cream was made by adding the dihydroxyacetone powder direct to the cream and adding the lawsone dissolved in a small quantity of isopropyl alcohol (5 mk./ml.). The active principles were also used in a 50% solution of isopropyl alcohol and distilled water. If the solution was used it was dispensed as two solutions in order to assure stability; 6% dihydroxyacetone in 50% solution of isopropyl alcohol and distilled water and 0.25% lawsone in 50% solution of isopropyl alcohol and distilled water. The day the patient was to be treated he mixed equal parts of the two solutions and sprayed (aerosol spray) the final mixture on the skin. * The value of normal erythrocyte protoporphyrin is 15-65 ,g./100 ml. of blood and not the printer's error of 565 Mg. as seen in our first article (Peterka et al., 1965) .
The patients used the topical therapy after their cutaneous eruption had cleared. Any eruption before the protective treatment was given was treated with topical steroid therapy and by avoiding sufficient light exposure to cause symptoms. Steroid therapy was discontinued before the protective regimen was started. This precaution of clearing the eruption was necessary as an effective ultraviolet light filter can be induced only into an intact stratum corneum. The topical preparations were applied six to eight times a day for the first 48 hours. Thereafter each patient applied the preparations three times a day for the next five days. After the first week he was allowed to go out in the sunlight for what he considered "a prolonged period of time." In his past experience sunlight exposure for this period of time was usually followed by an outbreak of cutaneous symptoms or eruption. After the first exposure the patient applied the topical therapy one to four times a day, depending on his degree of light sensitivity. If the protection was judged inadequate because of excessive light exposure the therapeutic regimen was reinstituted; but in addition the number of topical applications was increased.
The patient was instructed not to wash his skin within one hour after the application. In some patients all the applications were applied late in the day (after 18.00 hours) with at least one hour between the applications. When the patient bathed he used only soap to clean his skin and not a "washcloth" or "scrub-brush." When drying his skin after a bath, he was to "pat his skin dry" and not "vigorously rub or towel down."
In attempting to set up criteria for judging degree of protection by the amount of sunlight the patient could tolerate it was apparent that the measure of time should be simple, be realistic, and reflect his clinical experience. An endpoint, determined by the patient, of the minimal amount of sun exposure needed to produce symptoms seemed to be the simplest measure of the efficiency of protection. The patient invariably remembered that experience in which he had the least protection. That clinical exposure usually represented the most drastic exposure to sunlight. An estimation of an average of the minimum did not appreciably clarify the situation as the following variables had to be considered in determining the average: (1) day of the year; (2) time of day in which exposure was made; (3) the condition of the surrounding environment-that is, buildings, trees, etc.; (4) weather conditionsthat is, type and percentage of cloud cover; (5) the amount of clothes-that is, hat, long or short sleeves, type of material-and the length of time each item was worn during the exposure -for example, was the hat worn all the time?; and (6) each patient's disease had a different degree of photosensitivity, depending on the severity of the chemical abnormality. It was apparent that an integration of these variables into a mean-
